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and second control signals according to first and second
clocks. The first switch 1s coupled between a work voltage
and an output node, and selectively closes and opens accord-
ing to the first control signal. The second switch 1s coupled
between the output node and a ground voltage, and selectively
closes and opens according to the second control signal. The
output node 1s used to output an output clock.
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1
DUTY CYCLE CORRECTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims priority of Tatwan Patent Appli-
cation No. 101118658 filed on May 25, 2012, the entirety of
which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosure generally relates to a duty cycle corrector,
and more particularly, relates to a duty cycle corrector for

supplying a stable output clock.

2. Description of the Related Art

A duty cycle corrector (DCC) 1s used to supply an output
clock having a duty cycle of 50%. This 1s widely applied to
circuits which require rising edges and falling edges of a
clock, such as DDR SDRAM (Double Date Rate Synchro-
nous Dynamic Random Access Memory), Double-Sampling,
ADC (Double Sampling Analog-to-Digital Converter), DLL
(Delay Locked Loop), and PLL (Phase Locked Loop).

Traditionally, a duty cycle corrector has the following dis-
advantages: (1) the output clock 1s unstable due to variations
in manufacturing processes; and (2) 11 an mnput clock does not
have a duty cycle of 50%, there will be a short current from a
work voltage to a ground voltage, thereby increasing power
consumption.

BRIEF SUMMARY OF THE INVENTION

For solving the foregoing problems, the invention provides
a duty cycle corrector for supplying a stable output clock and
for reducing power consumption.

In an exemplary embodiment, the disclosure 1s directed to
a duty cycle corrector, comprising: an SR latch, generating a
first control signal and a second control signal according to a
first clock and a second clock; a first switch, coupled between
a work voltage and an output node, and selectively closing
and opening according to the first control signal; and a second
switch, coupled between the output node and a ground volt-
age, and selectively closing and opening according to the
second control signal, wherein the output node 1s used to
output an output clock.

BRIEF DESCRIPTION OF DRAWINGS

The mvention can be more fully understood by reading the
subsequent detailled description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 1s a diagram for 1llustrating a duty cycle corrector
according to an embodiment of the invention;

FIG. 2 1s a diagram for 1llustrating a duty cycle corrector
according to an embodiment of the invention;

FIG. 3 1s a diagram for 1llustrating a duty cycle corrector
according to an embodiment of the invention;

FIG. 4 1s a diagram for illustrating waveforms of a duty
cycle corrector according to an embodiment of the invention;
and

FI1G. 5 1s a diagram for illustrating current/power consump-
tion of a duty cycle corrector according to an embodiment of
the 1nvention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a diagram for 1llustrating a duty cycle corrector
100 according to an embodiment of the invention. As shown
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2

in FIG. 1, the duty cycle corrector 100 comprises an SR latch
110, and two switches 120 and 130. The SR latch 110 gener-
ates two control signals SC1 and SC2 according to a clock
CLKP and another clock CLKN. In an embodiment, the SR
latch 110 has a set mput terminal for receiving the clock
CLKP, and a reset mput terminal for receiving the clock

CLKN. In another embodiment, the SR latch 110 has the reset
input terminal for receiving the clock CLKP, and the set input

terminal for receiving the clock CLKN. The switch 120 1s
coupled between a work voltage VDD and an output node
OUT, and selectively closes and opens according to the con-
trol signal SC1. Similarly, the switch 130 1s coupled between
the output node OUT and a ground voltage VSS, and selec-
tively closes and opens according to the control signal SC2.
The output node OUT 1s used to output an output clock
CLKO.

The work voltage VDD 1s higher than the ground voltage
VSS. In some embodiments, the work voltage VDD 1s equal
to 1.8V, and the ground voltage VSS 1s equal to OV. The clock
CLKP and the clock CLKN may have identical waveforms,
and the phase difference between the clock CLKP and the
clock CLKN may be equal to 180 degrees.

FIG. 2 1s a diagram for 1llustrating a duty cycle corrector
200 according to an embodiment of the invention. As shown
in FIG. 2, the duty cycle corrector 200 comprises an SR latch
210, and two switches 220 and 230. The SR latch 210 com-
prises two NAND gates 211 and 212. The NAND gate 211 has
two 1put terminals GIN1 and GIN2, and an output terminal
GT1. The input terminal GIN1 receives the clock CLKP, and
the output terminal GT1 outputs the control signal SC1. The
NAND gate 212 has two input terminals GIN3 and GIN4, and
an output terminal GT2. The input terminal GIN3 1s coupled
to the output terminal G11, and the mput terminal GIN4
receives the clock CLKN. The output terminal GT2 1s
coupled to the mput terminal GIN2 and further outputs the
control signal SC2. Note that 1n FIG. 2, the clock CLKP may
be mterchanged with the clock CLKN, and this does not atfect
the performance of the mnvention.

The switch 220 comprises two transistors M1 and M2, and
an mnverter 241. The transistor M1 1s coupled between a work
voltage VDD and an output node OUT. The transistor M2 1s
coupled between the work voltage VDD and the output node
OUT, and has a gate coupled to the output terminal GT1. The
inverter 241 1s coupled between the output terminal GT1 and
a gate of the transistor M1, and is configured to invert the
control signal SC1. Similarly, the switch 230 comprises two
transistors M3 and M4, and an inverter 242. The transistor M3
1s coupled between the output node OUT and a ground volt-
age VSS. The transistor M4 1s coupled between the output
node OUT and the ground voltage VSS, and has a gate
coupled to the output terminal GT2. The inverter 242 1is
coupled between the output terminal GT2 and a gate of the
transistor M3, and 1s configured to invert the control signal
SC2. In a preferred embodiment, each of the transistors M1
and M3 1s an NMOS transistor (N-channel Metal-Oxide-
Semiconductor Field-Effect Transistor), and each of the tran-
sistors M2 and M4 1s a PMOS transistor (P-channel Metal-
Oxide-Semiconductor Field-Effect Transistor).

TABLE 1

the truth table of the SR latch 210 (NAND)

CLKP CLKN GT1 G112
1 0 0 1
0 1 1 0
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TABLE I-continued

the truth table of the SR latch 210 (NAND)

CLKP CLKN GT1 GT2
1 1 Unchanged Unchanged
0 0 1 1

Table I 1s the truth table of the SR latch 210 shown 1n FIG.
2, wherein “1” represents a high logic level (or the work
voltage VDD), and “0” represents a low logic level (or the
ground voltage VSS). A current output value of the SR latch
210 1s related to a preceding output value of the SR latch 210.
I the clock CLKP and the clock CLKN are both equal to logic
level ““17, the output value of each of the output terminals GT1
and GT2 will be unchanged.

According to Table I, the SR latch 210 never generates

logic levels “0” at the output terminals GT1 and G12 simul-
taneously. Therefore, the switches 220 and 230 will not close
simultaneously. The embodiment can eliminate the short cur-
rent from the work voltage VDD to the ground voltage VSS,
thereby reducing power consumption of the duty cycle cor-
rector 200.

FIG. 3 1s a diagram for 1llustrating a duty cycle corrector
300 according to an embodiment of the invention. As shown
in FI1G. 3, the duty cycle corrector 300 comprises an SR latch
310, and two switches 320 and 330. The SR latch 310 com-
prises two NOR gates 311 and 312. The NOR gate 311 has
two mput terminals GIN1 and GIN2, and an output terminal
GT1. The mput terminal GIN1 receives the clock CLKP, and
the output terminal GT1 outputs the control signal SC1. The
NOR gate 312 has two mput terminals GIN3 and GIN4, and
an output terminal GT2. The input terminal GIN3 1s coupled
to the output terminal GT1, and the mput terminal GIN4
receives the clock CLKN. The output terminal GT2 1s

coupled to the mput terminal GIN2 and further outputs the
control signal SC2. Note that 1n FIG. 3, the clock CLKP may

be interchanged with the clock CLKN, and this does not affect

the performance of the invention.

The switch 320 comprises two transistors M1 and M2, and
an mverter 241. The transistor M1 1s coupled between a work
voltage VDD and an output node OU'T, and has a gate coupled
to the output terminal GT1. The transistor M2 1s coupled
between the work voltage VDD and the output node OUT.
The mverter 241 1s coupled between the output terminal GT1
and a gate of the transistor M2, and 1s configured to imnvert the
control signal SC1. Similarly, the switch 330 comprises two
transistors M3 and M4, and an inverter 242. The transistor M3
1s coupled between the output node OUT and a ground volt-
age VSS, and has a gate coupled to the output terminal G12.
The transistor M4 1s coupled between the output node OUT
and the ground voltage VSS. The nverter 242 1s coupled
between the output terminal GT2 and a gate of the transistor
M4, and 1s configured to invert the control signal SC2. In a
preferred embodiment, each of the transistors M1 and M3 1s
an NMOS transistor (N-channel Metal-Oxide-Semiconduc-
tor Field-Effect Transistor), and each of the transistors M2
and M4 1s a PMOS transistor (P-channel Metal-Oxide-Semi-

conductor Field-Effect Transistor).

TABLE II

the truth table of the SR latch 310 (NOR)

CLKP CLKN GT1 G112
1 0 0 1
0 1 1 0
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4
TABLE Il-continued

the truth table of the SR latch 310 (NOR)

CLKP CLKN GT1 GT2
1 1 0 0
0 0 Unchanged Unchanged

Table II 1s the truth table of the SR latch 310 shown 1n FI1G.

3, wherein “1” represents a high logic level (or the work
voltage VDD), and “0” represents a low logic level (or the
ground voltage VSS). A current output value of the SR latch
310 is related to a preceding output value of the SR latch 310.
If the clock CLKP and the clock CLKN are both equal to logic
level <07, the output value of each of the output terminals GT1
and GT2 will be unchanged.

According to Table II, the SR latch 310 never generates
logic levels 17 at the output terminals GT1 and GT2 simul-
taneously. Therefore, the switches 320 and 330 will not close
simultaneously. The embodiment can eliminate the short cur-
rent from the work voltage VDD to the ground voltage VSS,
thereby reducing power consumption of the duty cycle cor-
rector 300.

FIG. 4 1s a diagram {for illustrating waveforms of a duty
cycle corrector according to an embodiment of the invention.
As shown 1n FIG. 4, 1f a duty cycle of an input clock 1s greater
than 50%, an output clock CLKO of the duty cycle corrector
will have rising edges and falling edges that are determined by
falling edges of the mput clock. On the contrary, 11 the duty
cycle of the input clock 1s smaller than 50%, the output clock
CLKO of the duty cycle corrector will have rising edges and
falling edges that are determined by rising edges of the mnput
clock. The duty cycle corrector of the invention 1s capable of
supplying the output clock CLKO having the duty cycle of
50% exactly.

FIG. 51s a diagram for illustrating current/power consump-
tion of a duty cycle corrector according to an embodiment of
the invention. As shown 1n FIG. 5, no matter how the duty
cycles of the clock CLKP and CLKN vary, the duty cycle
corrector of the invention will maintain constant power con-
sumption.

The duty cycle corrector of the invention can supply a
stable output clock through the SR latch constructed by
NAND gates or NOR gates even 1f manufacturing processes
are slightly different. In addition, the short current 1s elimi-
nated by the duty cycle corrector. The mnvention can maintain
low and stable power consumption even 1f an input clock has
different duty cycles.

Use of ordinal terms such as “first”, “second”, “third”, etc.,
in the claims to modity a claim element does not by 1tself
connote any priority, precedence, or order of one claim ele-
ment over another or the temporal order 1n which acts of a
method are performed, but are used merely as labels to dis-
tinguish one claim element having a certain name from
another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.

It will be apparent to those skilled in the art that various
modifications and variations can be made 1n the invention. It
1s intended that the standard and examples be considered as
exemplary only, with a true scope of the disclosed embodi-
ments being indicated by the following claims and their
equivalents.
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What 1s claimed 1s:

1. A duty cycle corrector, comprising;:

an SR latch, generating a first control signal and a second
control signal according to a first clock and a second
clock:

a first switch, coupled between a work voltage and an
output node, and selectively closing and opening
according to the first control signal; and

a second switch, coupled between the output node and a
ground voltage, and selectively closing and opening
according to the second control signal,

wherein the output node 1s used to output an output clock;

wherein a first input terminal of the SR latch 1s arranged to

directly recerve the first clock, a second input terminal of
the SR latch 1s arranged to directly receive the second
clock, a first output terminal of the SR latch 1s directly
connected to a control terminal of the first switch, and a
second output terminal of the SR latch 1s directly con-
nected to a control terminal of the second switch.

2. The duty cycle corrector as claimed 1n claim 1, wherein

a phase difference between the first clock and the second

clock 1s equal to 180 degrees.

3. The duty cycle corrector as claimed 1n claim 1, wherein

the SR latch comprises:

a first NAND gate, having:

a first mnput terminal, receiving the first clock;

a second 1nput terminal; and

a first output terminal, outputting the first control signal;
and

a second NAND gate, having:

a third mput terminal, coupled to the first output terminal;

a Tourth input terminal, recerving the second clock; and

a second output terminal, coupled to the second mput ter-
minal, and outputting the second control signal.

4. The duty cycle corrector as claimed 1n claim 3, wherein

the first switch comprises:

a first transistor, coupled between the work voltage and the
output node, and having a first gate;

a second transistor, coupled between the work voltage and
the output node, and having a second gate coupled to the
first output terminal; and

a first inverter, coupled between the first output terminal
and the first gate.

5. The duty cycle corrector as claimed 1n claim 4, wherein

the second switch comprises:

a third transistor, coupled between the output node and the
ground voltage, and having a third gate;

a fourth transistor, coupled between the output node and
the ground voltage, and having a fourth gate coupled to
the second output terminal; and
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a second inverter, coupled between the second output ter-
minal and the third gate.

6. The duty cycle corrector as claimed 1n claim 3, wherein
cach of the first transistor and the third transistor 1s an NMOS
transistor (N-channel Metal-Oxide-Semiconductor Field-Ei-
tect Transistor), and each of the second transistor and the
fourth transistor 1s a PMOS transistor (P-channel Metal-Ox-
1de-Semiconductor Field-Effect Transistor).

7. The duty cycle corrector as claimed 1n claim 1, wherein
the SR latch comprises:

a first NOR gate, having:
a first input terminal, recerving the first clock;
a second 1nput terminal; and

a first output terminal, outputting the first control signal;
and

a second NOR gate, having:
a third input terminal, coupled to the first output terminal;

a Tourth 1nput terminal, recerving the second clock; and

a second output terminal, coupled to the second mput ter-
minal, and outputting the second control signal.

8. The duty cycle corrector as claimed in claim 7, wherein
the first switch comprises:

a first transistor, coupled between the work voltage and the
output node, and having a first gate coupled to the first
output terminal;

a second transistor, coupled between the work voltage and
the output node, and having a second gate; and

a first inverter, coupled between the first output terminal
and the second gate.

9. The duty cycle corrector as claimed 1n claim 8, wherein
the second switch comprises:

a third transistor, coupled between the output node and the
ground voltage, and having a third gate coupled to the
second output terminal;

a fourth transistor, coupled between the output node and
the ground voltage, and having a fourth gate; and

a second 1nverter, coupled between the second output ter-
minal and the fourth gate.

10. The duty cycle corrector as claimed 1n claim 9, wherein
cach of the first transistor and the third transistor 1s an NMOS
transistor (N-channel Metal-Oxide-Semiconductor Field-Ei-
fect Transistor), and each of the second transistor and the
tourth transistor 1s a PMOS transistor (P-channel Metal-Ox-
ide-Semiconductor Field-Effect Transistor).

11. The duty cycle corrector as claimed 1n claim 1, wherein
the work voltage 1s higher than the ground voltage.

G ex x = e
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